Abstract. Over the Mediterranean Pyrenees and near coastal region there is a high frequency of convective storms during summertime. This fact determines a local maximum of precipitation at this season unlike the normal and general minimum over Mediterranean basin.
Introduction
The Mediterranean Pyrenees or Eastern Pyrenees (red dotted rectangle in Fig. 4) show a high frequency of afternoon convective storms during summertime with more than 30 days (Terradelles, 1996; Vilar, 2000) . This fact determines a particular seasonal rainfall regime with a summer maximum and a winter minimum unlike the normal and general summer minimum over Mediterranean basin. As is shown by Terradelles (1996 Terradelles ( , 1997 there is a relative maximum of lightning density at this season as well, tied up to afternoon convection. Furthermore, in previous studies carried out in
Correspondence to: A. Callado (acallado@inm.es) Catalonia (Pascual et al., 2004) Eastern Pyrenees are recognised as one of the very high convective areas as shown in his Fig. 1 . It has been suggested that this maximum thunderstorms density could be related to the proximity of Mediterranean Sea: while upslope could play the role of triggering convection, sea breeze could supply additional moisture (Terradelles, 1997; Pascual et al., 2004) . The main goal of this study is to investigate these hypotheses.
For simplicity we focus our interest 26 August 2003 because is a typical case with convection only in Eastern Pyrenees. It is important to remember that 2003 summer was characterised by dry and very warm conditions.
Observational analysis and diagnosis
The 26 August 2003 was characterised by a ridge and relatively warm air at 500 hPa (−10 • C) over Western Mediterranean. At low levels the main element was a thermal low centred at the Iberian Peninsula. No significant instability was present at synoptic scale.
As shown in Table 2 and Fig. 3 the data from Spanish Meteorological Service (INM) and Automatic System of Hydrologic Information (SAIH) from the Generalitat of Catalunya networks focused the precipitation in Eastern Pyrenees with a maximum over Ripollès region and a secondary one in Berguedà region. The maximum rainfalls reported were around 35-40 mm.
Radar reflectivity imagery and outputs from convective cells identification and tracking objective algorithm, operational on the INM (Martín, 2001) , have been used to analyse convection development, evolution and propagation.
The first convective cell identified (11:40 UTC) developed over a mountainous area located between the upper Ter river valley (west-east oriented turning left to north-south) and the headwaters of two tributaries of the Fluvià river (eastwest oriented). An enhanced convergence area between upvalley/upslope western flow and an upslope eastern flow (combination of the mountain breeze circulation and the sea breeze channelled by Fluvià valley) could be the main mechanism that triggered this first convective cell. This area is located 50 km from the coastline.
Radar reflectivities higher than 50 dBZ persisted during the next 4 h showing an organization of the convection, with a maximum value of 60 dBZ at 15:50 UTC probably associated to hail. Interaction between outflows and sea breeze are probably the main mechanisms to triggering new convection and developing new thunderstorms. Thunderstorms southward propagation is the consequence of the combination of the translation component associated to the northern flow at middle levels (eastern branch of the synoptic ridge). After 13:50 UTC a new convective cells were developed at the headwaters of the two slopes of Eastern Pyrenees.
Surface observations (mainly wind velocity and direction) show that sea breezes were well developed along the coastline, and synoptic conditions suggest that valley breezes and upslope circulations were also present over the main ranges. Air mass characteristics (mixing ratio about 13 g/kg and pseudopotential equivalent temperature of about 345 K) were very similar in coastal stations and Eastern Pyrenees, which agrees with the hypothesis sea breezes blow inland over the 
Numerical simulations
In order to analyze the role of the main key components, i.e. the orography, the sea and upvalley breeze and their influence to generate local convergence zones, several numerical simulations have been conducted using the Pennsylva- nia State University-National Center for Atmospheric Research mesoscale non-hydrostatic model version 3.5 (MM5) running with one-way triply nested grids from meso-β to meso-γ scales (domains with horizontal resolutions of 36, 12 and 4 km). Simulations characteristics are summarized in Table 1 . In general, there is a good agreement between the simulated precipitation field at 4 km and raingauge observations and radar imagery (compare Fig. 2b, 3 and 4) . Furthermore timing and location of the simulated convection adjust well with observations of thunderstorm development at both slopes of Pyrenees as with the development of new cells southward of first generation cell. In particular it is worth noting that the location and amount of peak and total integrated Quantitative Precipitation Forecast (QPF) agree (slight higher) with observations between 12:00 UTC and 15:00 UTC, as we can see in Table 3 . After 15:00 UTC the simulations show an excessive precipitation associated to the second convection generation, possibly related to an excess of humidity availability in boundary conditions. Surprisingly simulation of breeze at Gulf of Roses failed, but in spite of this fact the experiment reproduces a moisture convergence zone (not shown) between hypothetical upvalley Ter and tributaries of Fluvià breezes (see Sect. 2).
With the aim of evaluating the role of key components in the triggering and development of convection in the Eastern Pyrenees two more 4 km resolution simulations were performed with:
1. A 95% orography reduction in order to evaluate the role of sea and upvalley breezes and upslope winds (Fig. 4b) ; and 2. A transformation of the Mediterranean Sea (moisture available 100) to a dry land (moisture available 30) to find out the role of sea breezes supplying moisture to the convection generated.
The first one shown that the sea breezes appears as well, but they go so further inland and converge with eastward Atlantic flow. A very similar total QPF was obtained, but displaced 40-60 km to the north and delayed 3 h. Moreover the breeze appears later and weaker; this fact may be in agreement with the supposition that upvalley and sea breezes are coupled increasing the flow strength. Surprisingly the second one is quite similar to the reference simulation between 12:00 UTC and 15:00 UTC. Lateral boundary conditions generated a sea breeze into the domain flowing over flat terrain as far as Eastern Pyrenees. Although the development of upvalley breezes would be the same, they appear slight weaker due to the weaker sea breeze showing once again the linking role between sea and mountain breezes.
Conclusions
The development of thunderstorms over the Eastern Pyrenees under anticyclonic and relatively stable conditions has been analyzed using surface observations, radar imagery and simulations of a mesoscale numerical weather prediction model. From this analysis it is possible to suggest some mechanisms that could explain the high frequency of convective storms over this area in late spring and summer related to the local orography and maritime influence:
1. The maximum frequency of storms in the afternoon is associated to the diurnal cycle with the intense development of upvalley and slope circulations and sea breezes (Terradelles, 1997) ; 2. The orography plays an important role generating local convergence zones and channelling the sea breezes following the main valleys;
A. Callado and R. Pascual: Diagnosis and modelling of a summer convective storm 277 3. The coupling between upvalley and sea breezes supply an extra moisture at low levels that could explain the higher frequency of thunderstorms in this area in comparison with Western Pyrenees where sea breezes can not reach to the headwaters of the tributaries of the Ebro river; 4. A low level local moisture convergence, between western Ter upvalley breeze and eastern tributaries Fluvià upvalley breezes linked to Gulf Roses breeze, is identified triggering recurrent summertime convection.
